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. The molecular structure of the compound 9i according to X-ray diffraction data. Thermal ellipsoids of atoms are shown at 50% probability levels.
The compound 9i exists as organic salt with trifluoroacetic acid in the crystal phase. The existence of the trifluoroacetic molecule as anion is confirmed by similar values of the C-O bond lengths (1.229(2) Å and 1.238(2) Å, respectively) and the absence of the hydrogen atom at the carboxylic group. The analysis of the bond lengths in the imidazole ring has revealed that the C1-N1 and C1-N3 bonds are equal (1.320(3) Å and 1.320(2) Å, respectively) and the N1-C6 bond (1.414(6) Å) is slightly elongated as compare to its mean value 1.376 Å [1] . The hydrogen atoms at the N1 and N3 were located from the electron density difference maps. As a result we may describe the structure of the organic cation as superposition of two forms: Scheme S1. Two forms of cation 9i.
S3
Dihydropyrrole ring of the bicyclic fragment adopts an envelope conformation with deviation of the C4 atom by 0.19 Å from the mean plane of the remaining atoms of this ring. The phenyl substituent has axial orientation and is turned relatively the C5-C4 bond (the N2-C5-C4-C19 and C5-C4-C19-C20 torsion angles are 112.4(1)° and −51.7(2)°, respectively). Two aromatic rings of the biphenyl substituent is turned relatively each other (the C9-C10-C13-C18 torsion angle is 33.8(2)°) due to repulsion between them (the shortened intramolecular contacts H18···C9 2.66 Å (the van der Waals radii sum [2] is 2.87 Å), H18···H9 2.27 Å (2.34 Å), H9···C18 2.76 Å (2.87 Å), H11···C14 2.77 Å (2.87 Å), H14···C11 2.80 Å (2.87 Å)). Meanwhile the C7···C12 aromatic ring of this substituent is coplanar to the imidazole ring (the C8-C7-C6-C5 torsion angle is −1.8(3)°) in spite the presence of the shortened intramolecular contacts H8···C4 2.72 Å (2.87 Å), H8···C5 2.72 Å (2.87 Å), H1N···H12 2.19 Å (2.34 Å), H1N···C12 2.79 Å (2.87 Å), H12···N1 2.64 Å (2.67 Å).
In the crystal phase the cation and anion are bonded by intermolecular hydrogen bonds N3-H3Na···O2' (2-x, 1-y, 1-z) H···O 2.03 Å N-H···O 171° and N1-H1Na···O3' (2-x, 1-y, 1-z) H···O 1.74 Å N-H···O 174°.
Molecular and crystal structure of the compound 11b Figure S2 . The molecular structure of the compound 11b according to X-ray diffraction data. Thermal ellipsoids of atoms are shown at 50% probability levels.
The compound 11b was found to be a zwitterion and exist as monohydrate in the crystal phase. The absence of the hydrogen atom and equalization of the C6-O1 and C6-O2 bond lengths (1.254(2) Å and 1.259(2) Å respectively) allow to presume the location of the negative charge at the carboxylic group. The very close lengths of the bonds centered at the C1 atom (the N2-C1 bond length is 1.332(2) Å, the C1-N3 bond length is 1.337(3) Å and the N1-C1 bond length is 1.340(2) Å) allows to describe the zwitterion as superposition of three forms with different location of the positive charge: S4 Scheme S2. Three forms of the compound 11b in the crystal phase.
The phenyl substituent at the heterocycle is turned relatively the C2-C3 endocyclic double bond (the C19-C14-C2-C3 torsion angle is −41.1(3)°) due to steric repulsion between vicinal substituents (the shortened intramolecular contacts are: H4···C19 2.67 Å (2.87 Å), H4···H19 2.22 Å (2.34 Å), C4···C19 3.39 Å (3.42 Å). The substituent at the C3 atom is located in such a way that the C2-C3-C4-H4 torsion angle is 10.4(2)°. The p-tolyl group of this substituent is turned orthogonally to the C3-C4 bond (the C3-C4-C7-C8 torsion angle is 88.9(2)°). The deprotonated carboxyl group is located in -sc conformation relatively the C3-C4 bond and is turned to the C4-C5 bond (the C3-C4-C5-C6 and C4-C5-C6-O2 torsion angles are −68.9(2)° and −36.9(2)° respectively).
In the crystal phase molecules 11b form zigzag chains along [001] crystallographic direction due to the N1-H1N···O2' and N3-H3Na···O1' (x, 1.5-y, -0.5+z) intermolecular hydrogen bonds (H1···O2 1.89 Å N1-H···O2 174°, H3···O1 2.09 Å N3-H···O1 173°). The neighboring chains are bound by the N3-H3Nb···O1' (1-x, 1-y, 1-z) hydrogen bond (H···O 2.32 Å N-H···O 159°) and through the bridged water molecules due to formation of the following intermolecular hydrogen bonds:
N2-H···O1w' H···O 1.84 Å N-H···O 170°; O1w-H1wa···O2' (1-x, -0.5+y, 1.5-z) H···O 1.86 Å O-H···O 161°; O1w-H1wb···O1' (x, y-1, z) H···O 1.91 Å O-H···O 165°.
Molecular and crystal structure of the compound 16a Figure S3 . The molecular structure of the compound 16a according to X-ray diffraction data. Thermal ellipsoids of atoms are shown at 50% probability levels.
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All atoms of the bicyclic fragment lie in the plane within 0.01 Å. The analysis of the bond lengths has shown that the formally single exocyclic C1-N3 bond is shorter than the double endocyclic C6-C1 bond (1.336(6) Ǻ and 1.354(9) Ǻ respectively). At that C1 and C6 atoms are planar indicating their sp 2 -hybridization. Such a distribution of electron density allows to discuss the zwitter-ionic form contribution and consider the structure of 16a as superposition of two resonance structures: Scheme 3. Resonance structures of 16a.
The phenyl substituent at the С5 atom of the bicyclic fragment has equatorial orientation and is turned relatively to the C4-C5 bond (the N1-C4-C5-C23 and C4-C5-C23-C24 torsion angles are 123.4(1)° and −43.0(2)°, respectively). The phenyl substituent at the С3 atom is slightly turned relatively the N2-C3 endocyclic bond (the N2-C3-C17-C18 torsion angle is −8.21(4)) despite the steric repulsion between atoms of bicycle and hydrogen atoms of phenyl substituent (the shortened intramolecular contacts are: N2···Н18 2.56 Å (2.66 Å), C4···Н22 2.80 Å (2.87 Å)). The phenyl group of the substituent at the C2 atom is located in ap-conformation relatively to the C2-N4 bond and is almost coplanar to the N4-C10 bond (the C2-N4-C10-C11 and N4-C10-C11-C12 torsion angles are 179.6(2)° and 2.2(2)° respectively). Such orientation is stabilized by the formation of the N3-H3b···N4 intramolecular hydrogen bond (H···N 2.42 Å, N-H···N 117°). The substituent at the C6 atom is orientated in the same way as the substituent at the C2 atom (the C6-C7-O2-C8 and C7-O2-C8-C9 torsion angles are −175.1(1)° and 178.3(2)° respectively) probably due to the formation of the weak N3-H3a···O1 intramolecular hydrogen bond (H···O 2.45 Å, N-H···O 107°).
In the crystal phase molecules 16a form centrosymmetric dimers bound by the N3-H3a···O1' (2-x, 2-y,1-z) intermolecular hydrogen bond (H···O 2.18 Ǻ, N-H···O 129º).
Molecular and crystal structure of the compound 19a
The compound 19a exist as solvate with dimethylformamide and water molecule in ratio 1:1:1 in the crystal phase.
The spiro-joined bicyclic fragments are turned relatively to each other in such a way that the dihedral angle between mean planes of the bicycles is 84.5°. The analysis of the bond lengths has shown that the formally single exocyclic C6-N6 bond is significantly shorter than the double endocyclic C6-C5 bond (1.319(2) Ǻ and 1.373(3) Ǻ respectively). At that C1 and C6 atoms are planar indicating their sp 2 -hybridization. Such a distribution of electron density allows to discuss the zwitter-ionic form contribution and consider the structure of 19a as superposition of two resonance structures similar to 16a: Scheme S4. Resonance structures of 19a.
The phenyl substituent is turned relatively the C2-C3 endocyclic bond (the C3-C2-C16-C21 torsion angle is −30.4(3)) due to steric repulsion between atoms of bicycle and hydrogen S6 atoms of phenyl substituent (the shortened intramolecular contact is: N2···Н17 2.64 Å (2.67 Å)) on the one hand and by the formation of the C21-H21···C9 (π) intramolecular hydrogen bond (H···C 2.61 Å, C-H···C 148°), on the other hand. The N(5) atom of the aminogroup has pyramidal configuration while the N(6) atom is almost planar (the sums of bond angles centered at the N(5) and N(6) atoms are 348.2º and 356.7º respectively). Such configuration of aminogroups observed in the crystal despite of the steric repulsion between hydrogen atoms of aminogroups (the shortened intramolecular contact is: H5b···Н6a 2.13 Å (2.34 Å)).
In the crystal the molecules form the centrosymmetric dimers by N5-H5NB...N2′ (-x+1,-y+1,-z) (H···N 2.13 Å, N-H···N 169°) intermolecular hydrogen bonds. Each monomer of such dimer is bonded with DMF and water solvate molecule by the N6-H6NA...O1W′ (x+1,y,z) (H···O 1.97 Å, N-H···O 172°) and N6-H6NB...O1S′ (x+1,y,z) (H···O 2.03 Å, N-H···O 164°) hydrogen bonds.
Synthesis of 5-((2-amino-4-aryl-1H-imidazol-5-yl)(aryl)methyl)-6-hydroxy-2,2-dimethyl-4H-1,3-dioxin-4-ones 4a-i General procedure. An equimolar mixture (1.0 mmol) of the corresponding 2-amino-4-arylimidazole 1, aromatic aldehyde 2 and Meldrum's acid 3 was refluxed in iPrOH (3 mL) for 3-5 min. After cooling, the solid product was filtered off, washed with iPrOH and dried on air. 144.0, 129.4, 128.9, 128.4, 128.3, 127.5, 127.4, 127.2, 125.9, 121.1, 100.6, 76.0 (C=COH) 129.6, 128.2, 127.4, 127.0, 126.4, 125.6, 100.3, 76.6 (C=COH) 145.2, 129.6, 128.2, 127.4, 127.0, 126.4, 125.6, 100.3, 76.6 (C=COH) 141.2, 137.8, 134.8, 129.9, 128.97, 127.4, 127.1, 126.2, 120.98, 100.5, 76.3 (C=COH) 
5-((2-
5-((2-Amino-4-(p-tolyl)-1H-imidazol-5-yl)(4-nitrophenyl)methyl)-6-hydroxy-2,2-dimethyl-4H-1,3-dioxin-4-one (4e)
Pale yellow solid, 40%, mp 259- 146.8, 146.0, 138.2, 129.9, 128.4, 127.5, 125.8, 125.3, 123.7, 121.8, 100.8, 76 
5-((2-Amino-4-(4-fluorophenyl)-1H-imidazol-5-yl)(phenyl)methyl)-6-hydroxy-2,2-dimethyl-4H-1,3-dioxin-4-one (4f)
Colorless solid, 54%, mp 238-240 C; IR (KBr, cm -1 ) ν 3480-2800 (NH 2 , NH, OH), 1680 (C=O); 1 H NMR (400 MHz, DMSO-d 6 ) =12.19 (br s, 2H, NH, OH), 7.63-7.57 (m, 2H, H arom ), 7.41 (br s, 2H, NH 2 ), 7.32-7.24 (m, 2H, H arom ), 7.23-7.17 (m, 2H, H arom ), 7.11-7.04 (m, 3H, H arom ), 5.41 (s, 1H, CH), 1.51 (s, 6H, CH 3 ); 13 C NMR (125 MHz, DMSO-d 6 ) =166.8 (C=O), 146.6 (C-OH), 143.9, 129.8, 128.4, 127.2, 125.9, 125.5, 120.3, 116.5, 116.3, 100.6, 75.9 (C=COH) 
5-((2-Amino-4-(4-fluorophenyl)-1H-imidazol-5-yl)(p-tolyl)methyl)-6-hydroxy-2,2-dimethyl-4H-1,3-dioxin-4-one (4g)
Pale yellow solid, 50%, mp 230- 140.9, 134.8, 129.8, 128.99, 127.6, 127.1, 125.6, 120.1, 116.4, 116.3, 100.6, 76 
5-((2-Amino-4-(p-tolyl)-1H-imidazol-5-yl)(3-hydroxy-4-methoxyphenyl)methyl)-6-hydroxy-2,2-dimethyl-4H-1,3-dioxin-4-one (4h)
Pale yellow solid, 70%, mp 250- 146.6, 144.8, 138.2, 137.2, 135.4, 129.8, 129.1, 127.3, 122.1, 119.6, 115.3, 111.8, 100.4, 76.41 (C=COH) Synthesis of 5-oxo-1,7-diaryl-6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-3-aminium 2,2,2-trifluoroacetates 9b,c,g General procedure. A mixture of the corresponding adduct 4 (0.1 mmol) and 0.08 mL (0.11 mmol) TFA was refluxed in 1 mL of toluene for 3 min. After cooling, 3 mL of iPrOH was added to the reaction mixture and the solid product was filtered off, washed with iPrOH and dried on air.
5-Oxo-1-phenyl-7-(p-tolyl)-6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-3-aminium 2,2,2-trifluoroacetate (9b)
Colorless solid (0.30 g, 52%) of, mp 222-224 C; IR (KBr, cm 143.4, 137.7, 137.1, 129.9, 129.4, 129.2, 128.7, 128.4, 127.9, 125.8, 125.5, 46.2, 36.9, 21 143.2, 140.7, 138.1, 129.7, 129.4, 128.1, 127.9, 126.7, 125.5, 124.9, 121 153.9, 149.8, 146.0, 143.4, 140.8, 139.7, 139.4, 129.5, 128.2, 128.1, 127.9, 127.7, 127.2, 126.9, 126.1, 46.6, 37.3; m/z (EI, 70 Synthesis of 3-amino-1,7-diphenyl-6,7-dihydro-5H-pyrrolo[1,2-c]imidazol-5-one (10a)
A mixture of the adduct 4a (0.1 mmol) and 0.08 mL (0.11 mmol) of TFA was stirred in 2 mL of acetonitrile for 6 h, then conc. aqueous solution of NH 3 was added to pH ≈ 8 and the solid product was filtered off, dried on air and crystallized from iPrOH. 143.9, 142.5, 133.8, 129.7, 129.4, 128.5, 127.8, 127.6, 127.5, 126.5, 125.4, 47.6, 36.9; m/z (EI, 70 eV) 
Synthesis of 3-(2-amino-4-aryl-1H-imidazol-5-yl)-3-arylpropanoic acids 11b-f,h
General procedure. A mixture of the corresponding adduct 4 (0.1 mmol) and 0.08 mL (0.11 mmol) of TFA was stirred in 2 mL of aqueous acetonitrile for 10-12 h. After cooling, the solid product was filtered off, washed with iPrOH and dried on air.
3-(2-Amino-4-phenyl-1H-imidazol-5-yl)-3-(p-tolyl)propanoic acid (11b)
Pale yellow solid solid, 55%, mp 282- 136.6, 135.5, 134.5, 129.8, 129.4, 128.8, 128.1, 127.9, 127.8, 127.4, 36.7, 33.4, 21.0 (CH 3 145.2, 140.0, 136.6, 128.7, 128.1, 127.0, 126.4, 125.4, 123.5, 121.9, 121.7, 36.6, 35.5, 18.3 137.8, 133.3, 128.7, 126.4, 125.3, 123.3, 121.9, 36.6, 35.2, 18.3 (CH 3 
3-(2-Amino-4-(4-fluorophenyl)-1H-imidazol-5-yl)-3-phenylpropanoic acid (11f)
3-(2-Amino-4-(4-fluorophenyl)-1H-imidazol-5-yl)-3-(p-tolyl)propanoic acid (11g)
Synthesis of 5-amino-3-(arylideneamino)-1,7-diaryl-7H-pyrrolo[1,2-c]imidazole-6-carbonitriles 14a-f
General procedure. A mixture of the corresponding 2-amino-4-arylimidazole 1 (1.0 mmol), aromatic aldehyde 2 (2.0 mmol) and malononitrile 12 (1.0 mmol) in 2 mL of 2-propanol was refluxed during 20-30 min. After cooling, the yellow solid products 14a-f were filtered off and crystallized from iPrOH. 138.5, 135.3, 133.2, 132.2, 131.0, 130.3, 129.5, 129.4, 128.2, 127.2, 126.5, 125.7, 118.0 (СN) 137.8, 134.5, 133.2, 132.6, 132.3, 130.5, 128.9, 127.6, 127.1, 125.8, 121.2, 117.9 (СN) 8, 133.2, 133.1, 132.9, 132.4, 132.0, 130.3, 130.2, 128.8, 127.4, 125.8, 117.9 (СN) 137.9, 136.9, 134.5, 132.5, 132.4, 132.3, 132.2, 131.7, 130.5, 129.4, 127.1, 125.7, 121.1, 117.9 (СN) Synthesis of 5-amino-1,7-diaryl-3-(arylideneamino)-7Н-pyrrolo[1,2-с]imidazole-6-carboxylates 16a,b
5-Amino-3-(4-methylbenzylideneamino)-1-phenyl-7-p-tolyl-7H-pyrrolo[1,2-c]imidazole-6-carbonitrile (14a)
5-Amino-3-(benzylideneamino)-1-(4-chlorophenyl)-7-phenyl-7H-pyrrolo[1,2-c]imidazole-6-carbonitrile (14b)
Yellow powder
5-Amino-3-((4-bromobenzylidene)amino)-7-(4-bromophenyl)-1-(p-tolyl)-7H-pyrrolo[1,2-c]imidazole-6-carbonitrile (14f)
General procedure. A mixture of the corresponding 2-amino-4-arylimidazole 1 (1.0 mmol), aromatic aldehyde 2 (2.0 mmol) and ethyl 2-cyanoacetate 15 (1.0 mmol) in 2 mL of 2-propanol was refluxed during 20-30 min. After cooling, the yellow solid products 16 were filtered off and crystallized from iPrOH. 134.5, 133.3, 130.2, 129.6, 128.7, 128.6, 128.3, 127.8, 127.2, 127.0, 126.4, 125.8, 125.5, 116.7, 93.4, 58.9, 43.4, 14.7 160.9, 154.9, 148.8, 143.7, 139.8, 134.6, 133.8, 132.6, 131.9, 131.5, 131.4, 128.8, 127.8, 127.1, 125.8, 120.1, , 93.0, 59.0, 43.5, 14.7 General procedure. The mixture of corresponding 2-amino-4-arylimidazoles 1 (1.0 mmol), isatin 18 (1.0 mmol) and malononitrile 12 (1.0 mmol) in 2 ml of 2-propanol was refluxed during 50-60 min. After cooling, the solid products 19 were filtered off and crystallized from iPrOH. NH 2 ), 7.37 (t, 1H, Ar isatin , J=7.9), 7.24-7.10 (m, 2H, Ar), 7.10-6.95 (m, 4H, Ar), 6.94-6.82 (m, 2H, Ar), 6.47 (br.s, 2H, С ), 145.7, 135.4, 133.0, 132.2, 130.7, 130.27, 129.0, 127.2, 126.6, 126.1, 126.0, 111.7, 69.8 ), 143.5, 133.2, 132.9, 131.0, 130.7, 128.8, 127.5, 127.1, 125.0, 123.1, 117.1, 115.7, 111.7, 66.9 (C 6' ), 53.5 (С spiro ), 27. O (447.29) C 56.39; H 3.38; N 18.79. Found, %: С 63.19; H 3.46; N 19.23 NH 2 ), 7. 2H, Ar), 4H, Ar), 2H, Ar) ), 141.8, 133.3, 132.9, 130.7, 130.3, 128.2, 126.8, 125.1, 125.0, 124.1, 116.9, 109.3, 67.8 (C 6' ), 53.7 (С spiro ), 27. ), 141.5, 137.4, 135.1, 134.9, 133.4, 132.1, 131.2, 130.7, 129.1, 127.3, 125.0, 119.0, 118.4, 114.8, 113.3, 69.8 (C 6' ), 56.0 (CH 2 C 6 H 4 Cl), 45.6 (С спіро ), 138.29, 133.04, 132.66, 132.15, 131.29, 130.38, 127.19, 126.63, 125.96, 125.45, 119.10, 111.69, 69.82 ), 136.4, 133.6, 131.9, 131.0, 130.7, 130.4, 130.1, 128.5, 128.1, 125.7, 124.1, 122.5, 119.1, 116.9, 115.5, 112.4, 110.8, 66.9 (C 6' ), 53.5 (С spiro ), 27. ), 143.4, 132.9, 130.5, 130.1, 129.8, 127.5, 126.8, 122.9, 117.1, 115.9, 115.7, 111.8, 66.8 (C 6' ), 53.4 (С spiro ), 27. ), 143.1, 136.4, 131.0, 130.4, 130.0, 129.4, 128.0, 125.0, 124.8, 122.5, 117.1, 111.2, 66.9 (C 6' ), 53.5 (С spiro ), 27. General procedure. The mixture of corresponding 2-amino-4-arylimidazoles 1 (1.0 mmol), isatin 18 (1.0 mmol) and ethyl 2-cyanoacetate 15 (1.0 mmol) in 2 ml of 2-propanol was refluxed during 50-60 min. After cooling, the solid products 20 were filtered off and crystallized from iPrOH. ), 133.56, 130.38, 130.16, 128.98, 128.50, 126.69, 125.28, 124.96, 123.45, 123.11, 108.63, 58.50 ), 133.2, 131.6, 130.3, 126.5, 126.3, 126.1, 122.6, 114.8, 114.1, 110.7, 58.6 (C 6' ), 55. ), 136.1, 133.1, 131.6, 130.7, 130.4, 129.3, 128.4, 126.3, 125.2, 123.5, 114.8, 110.6, 58.6 
